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N.Z. No. 

NEW ZEALAND 
Patents Act 1953 
COMPLETE SPECIFICATION 

PARTICLE ASYMMETRY ANALYSE R 

We, THE SECRETARY OF STATE FOR DEFENCE IN HER BRITANNIC MAJESTY'S 
GOVERNMENT OF THE UNITED KINGDOM OF GREAT BRITAIN AND NORTHERN 
^ IRELAND, a British Corporation Sole of Whitehall, London SWIA 

2HB, England, 

do hereby declare the invention, for which we pray that a patent 
may be granted to us, and the method by which it is to be 
performed, to be particularly described in and by the following 
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V PARTICLE ASYMMETRY ANAL5ER 

This invention relates to the techniques for the analysis of fluid- 
borne particles and particularly for looking at the asynunetry of such 
particles. For example, in the etudy of aerosols, aerosol dispersions 
and airborne particulate pollution control, there is a requirement for the 
rapid determination of particle size distribution especially in the 
diameter range 1 to 10 microns, together with some knowledge of the 
geometry and symmetry of individual particles. The latter information 
could, for example, enable particles with spherical symmetry to be 
identified and thus allow the counting/monitoring of liquid droplets 
in an environment including other solid, non-spherical particles. In 
the context of the present specification, the term particles is in- 
tended to apply both to solid bodies and to drops of liquid. 

It is desirable for such techniques to be able to count individual 
particles in a sample at rates of, typically, 20,000 particles per 
second, to be able to distinguish between spherical and non-spherical 
particles in the sample and to count each type. Another desirable 
feature is to categorise spherical particles having diameters of 0.5 - 
15 microns into a number of size bands and also in this connection to 
classify particle coincidences as 'non-spherical* and hence to ignore 
them in the comp.r '•ation of size spectra. 

The normal t .^chniques for the examination of particles, as used 
in several instruments available commercially, employ the detection 
and analysis of electromagnetic radiation scattered by the particles. 
All such instruments use a mechanical me'^hanism to drive the sample air 
through a "sensing volume** where the carried particles are illuminated 
by the incident electromagnetic radiation. The radiation scattered by 
the particles is received by one or more detectors which convert the 
engergy to electrical signals from which information may be extracted 
by appropriate electrical circuits. 

One class of instrument available commercially permits the collection 
of scattered radiation from large numbers of particles simultaneously, 
and uses this information to determine a mean figure for particulate 
mass per unit volume of gas or air, or the statistically averaged size 
distribution of particulate matter. These instruments are not capable 
of examining individual particles, and therefore cannot yield accurate 
particle counts or information relating to particle morphology. 
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A second class of instrument uses the properties of laminar flow in 
gases to restrict the particles to a smaller sensing volume and then, by 
focusing the incident electro-magnetic radiation in some way, is capable 
of the examination of individual particles, yielding a particle count and 
possibly approximate size distribution. 

The prior art instruments, therefore, will give, to a certain extent, 
information on particle size and particle count. However, there is no 
instrument available that is capable of giving information on the 
asymmetry of individual fluidborne particles. 

There is therefore a need for a particle analyser which can analyse 
individual fluid-borne particles and give information as to the assymmetry 
of the particles by, for example, ascribing an assymmetry factor to the 
individual particles. 

According to one aspect of the prefjcnt invention there is provided 
a particle analyser for use in determining the asymmetry of particles 
characterised In that in includes wh4^h means for delivering a sample of 
airborne parti^cula tes in the form of a laminar flow fluid, means for 
illuminating the sample with a randomly or circularv polarised laser 
beam, means for reflecting and directing scattered radiation on to at 
least one forward scattering detector and at least three sphericity 
detectors placed symmetrically about a central axis; means for deriving 
data from the detectors to describe the particle and comparing the data 
with data on known shapes to determine the degree of particle asymmetry. 

The scattered radiation is reflected by a conclave reflector, 
preferably an ellipsoid mirror which directs the radiation towards rad- 
iation collectors. Radiation scattered at low angles is detected in a 
second chamber, which leads from an aperture in the ellipsoid mirror, by 
radiation collectors, preferably optical fibres arranged concentrically 
around the unscattered beam. The radiation collected is then converted 
into electrical signals, processed and analysed and by comparing with 
data on Known particle shapes the particles are ascribed an asymmetry 
factor. 

Furthermore r in addition to the asymmetry factor the size of the 
particle may also be determined. A large number of particles may be 
ascribed an asymmetry factor, and the cumulative results of this opera- 
tion coupled with the associated size spectra, could be used to generate 
a topographical 'thumb print' of the particles in an environment;<:w^ljch 
may be of more value than the data of single particles taken "af^ne. 
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In looking for sphericity, the criterion for classification for 
spherical particles can bo defined readily as symmetrical scattering 
about the axis of the i 1 1 imina t ing beam of randomly polarised or 
circularly polarised radiation. Therefore a number of radiation 
collectors are placed radially symmetrically about the reflection axis 
of the concave reflector. 

In looking for the degree of asymmetry, the arrangement of the 
collectors could not be assumed to be the optimum for particle 
asymmetry analysis. The design of the scatter chamber must allow for 
the flexibility of collector configurations specifically required, 
and the positions of which to be varied at will. 

The advantage of this technique is that, by using optical fibre 
collection optics, one can readily simulate thei^ffect of placing almost 
any number of collectors at any position around most of the scattering 
sphere, a task which would otherwise be mechancially extremely difficult. 
Thus with a high degree of flexibility, various detection geometries 
may be tested without the need for mechanical changes to the chamber 
itself. 

According to a second aspect of the present invention a method 



of determining the asymmetry of fluid-borne particles includes the 
steps ofr- 

providing a sample of fluid in the form of a laminar flow; 
illuminating the sample with a beam of radiation; 
reflecting the radiation scattered by individual particles to 
radiation collectors; 

deriving data from the light collectors describing the particle; 
and 

comparing the data with data on known shapes to determine the 
degree of particle asymmetry. 
30 The sample may be an aerosol. 

Two embodiments of the invention will now be described by way 
of example only and with reference to the accompany drawings of which: 
Figure 1 is a schematic side view in section of a particle 
analyser for analysing spherical particles* 

Figure 2 xs a section:Jview of the analyser in Figure 1 along ^X-x. 
Figure 3 is a schematic side view in section of an asymmetry 
analysis system. 
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Figure 1 illustrates a basic form of the invcntir^n whore only 
spherical particles are analysed in which a parabolic concave 
reflector (1) is located at one end of a scatter chamber (2), Mounted 
at the other end of the scatter chamber (2) and aligned with the 
principal axis of the reflector (1) is a laser (3), which directs a 
beam of radiation (4) towards a hole (5) in the reflector (1) and 
chamber (2) at the principal axis of the reflector. After passing V>>rcw..</> 
the hole (5) the beam (4) enters a beam dump (6), typically a Rayloigh 
horn. 

A sample (7) of laminar flow air is directed into the chamber 
(2) to intercept at right angles the laser beam (4) at the focal 
point of the parabolic reflector (1). 

A particle in the sample (7) will deflect the radiation out of 
the beam (4) onto the reflector (1) which reflects it parallel to the 
principal axis to radiation collectors (8) adjacent the laser (3). 
The radiation collectors (8) may be photo multiplier units, optical 
fibres leading to such units, or lenses for directing the light onto 
fibres or units. 

As shown in Fig 2 three radiabi on collectors 8 are arranged 
radially around the beam 4.rn such an arrangement symmetrical 
scattering can be directed which will identify spherical particles. 
Indeed, any number of radiation collectors 8 may be arranged radially 
about the beam of radiation 4. 

Figure 3 shows a preferred embodiment of a particle analyser 
25 according to the present invention which is able to analyse individual 
particles and ascribe to them an asymmetry factor. In this embodiment, 
the laser (3) is mounted beneath the chamber (2) and at 90*^ to 
principal axis of the reflector (1). The beam (4) being reflected onto 
the principal axis of the reflector by a prism or mirror (9) suitably 
30 positioned on the ooi d axis. Indeed, the laser (3) may be mounted 

just about anywhere about the scatter chamber (2) with a appropi^tely 
angleiAmirror (9) on the sa id axis. 

Figure 3 also illustrates the scatter chamber (2) having an 
eillipsoid reflector (10) with the point of interception between the 
35 beam (4) and the sample (7) being one focal point of the ellipse and 
a collector lens (11) mounted near the second focal point to render 
parallel the reflected radiation to radiation collectors (8) at the 
end of the chamber (2). At this point the intensity distribution 
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represents a spatially modified replica of that scattered into approxi- 
mately 0.84 of a sphere by the particle. Figure one illustrates the 
sainole (7) of fluid being dcLivcrcd in laminar flow, by means of a 
sheath air intake (12) supplying a layer of air at a constant velocvty. 

A certain amount of difficulty is experienced in capturing and 
analysing the radiation scattered at l^w angles to the bc«jn (4) 
direction. At very low angles (1^ to 3°) they are swamped by light 
scattering from laster focussing optics. To overcome this a second 
scattering chamber (13) is introduced coaxial to the principal axis of 
the concave reflector ( 1 ) on the main scatter chamber (2)* 
Radiation collectors (8) are suitably placed in this chamber to collo-.t 
the low angle deflections. 

Figure 3 therefore illustrates a second chamber (13) in which 
optical fibres (14) are arranged around the beam (4). The optical 
15 fibres (14) may be arranged in concentric rings around the beam (4). 

The fibres (4) act as radiation collectors for converting the radiation 
collected «.%ko electrical signals for processing and analysis. 

As illustrated in Figure 1, the second chamber (13) may alter- 
natively have a second concave reflector (14), which would normally 
20 be ellipsoided, having the point c+ intersection of the beam (4) and 
the sampk(7) as its second or distal focal point and having a 
radiation collector (15) at its first or proximal focal point. Thus 
radiation deflected at low angles will strike the ellipsoidal 
reflector and be directed onto the radiation collector (15), 
25 The radiation collector (15) may be positioned to face the 

aperture (5) on the first chamber or may be positioned at 90** to this 
direction as shown in Figure 1, The latter arrangement would collect 
relatively more radiation of low angle of deflection, but less overall 
since only deflections in the direction of the face of the collector 
30 will be recorded. 

Figure 1 illustrates how in use the sample (7) is supplied in 
laminar flow by means of a sheath of constant velocity filtered air 
being supplied around the sample. Thus the outer parts of the sample 
flow at the same velocity as the inner parts. The outer parts of the 
35 sample would otherwise flow more slowly due to friction with the 
stationary air next to the sample flow. Additionally, and more 
importantly the coaxial tube supplying the sheath of air is designed 



to dynamically focus the particles in the sample to provide a laminar 
flow of particles. Thus making it easier to line up the particle flow 
on the focal point of the reflector. 

The asynunetry particle analyser operates as follows. The laser 
beam, produced by a gas laser, enters the chambc at right angles to 
the reflector axis and is reflected through 90"^ along the principal 
axis of the reflector. The radiation scattered by individual particles 
from approximately 19° to 145** relative to the beam axis is thus 
reflected onto the asphoric collection lens at the rear of the chamber. 
This lens renders the emerging light parallel, and the intensity 
distribution across this output window represents a spatially modified 
replica of that scattered into approximately 0-84 of a sphere by the 
particle . 

With the collected light in the form described above, the positions 
of the optical fibre detectors to measure the light distribution may 
be varied at will. 

To determine particle sphericity the detectors would be placed 
symmetrically about the axis of the output window. 

In this way, with the use of optical fibre optics, one can readily 
simulate the effect of placing almost any number of detectors at any 
position around most of the whole scattering sphere. 

Based upon the results of theoretical models and experimental 
results of scattering patterns of known shapes, algorithms are used 
to ascribe to particles an asymmetry factor. 

The processing of data from particles to determine their asymmetry 
could be handled by a transputer as produced for example by tne 
British Inmos chip manufacturers. 

One transputer is used for each detection channel. In this way, 
tasks hitherto performed serially on incoming data from channels could 
be performed on all channels simultaneously giving a substantial 
increase in data throughput. 

Although this invention has been described by way of example and 
with reference to possible embodiments thereof, it is to be understood 
that modifications or improvements may be made without departing from 
the scope of the invention as defined in the appended claims. 



7 

Whof Wc Cbin^ lb:— c i,Ai Hf: 

I. A particle analysor for ur.r? in dotormininq t fto n-. ymnio t. r y of pirticlos 
chn ractcr i'?ed In that it incliiflos; 

moans for providing a sarnplo of airborno pa r t i rtj 1 n ton in tho form 

of a laminar flow; 

moans for Illuminating the samplo with n randomly ux cirrtilarly 
polarised lasor hoam; 

moans for directing tho radiation ncaii^rod by individual partirios 
towards at least ono forward nf-at toring dotoctor anr! nt Ip.mt tltmo 
spliericity detectors placed rarlially r;ymmn t r i ca I I y about a rontral 
axis; 

means for deriving data from the detectors to describe tho pa r t i r 1 o ; 

and means for comparing the data with data on known shaper. to deter- 

mino the degree of individual particle asymmetry. 
2. A particle analyser as claimed In Claim I characterised in that the 
means for directing tho radiation is a concave reflector. 
3- A particle analyser as claimed in Claim 7 c»ia r ac to r i sod in that 
the concave reflector is an ellipsoid reflector. 

'I. A particle analyser as claimed in Claim/ ;> or 3 characterised in 
that the central axis is the reflection axis of the concave or ellipsoid 
reflector . 

5. A particle analyser as claimed In any previous claim characterised 
in that the detectors are pho tomu I t i p I ior s . 

6. A particle analyser as claimed in anyjof Claims 1 to 4 characterised 
in that the detectors are optical fibres loading to phol omu I t i p 1 o r s . 

7. A particle analyser as claimed in any previous Claim cha rac t o r i sod 
in that the radiation collectors may take any configuration and thoir 
positions may be varied at will. 

8. A method of determining the asymmetry of particles characterised in 
that it includes the steps of:- 

providing a sample of airborne particulates in tho form of a 
laminar flow; 

illuminating the sample with a randomly or cicularly polarised 
laser beam, reflecting the radiation scattered by individtj/il 
particles to at least one forward scattering detector and at least 
three sphericity detectors placed radially symmetrically about a 
central axis; deriving from tho detectors data describing tho 
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parttclf? ; and cnmpnrinq the fJ.ita with c\i\t,^ on knr)wn nJinpcr. to 
dotormino tho floqroo of p.irticlo nnymnwMiy. 

9. A method as cl»Timoii in Claim R c hn rac t o r i r.od in tihat. the radiation 
scahterod by inrlivirlual particloR is roflortod hy a concavo rofloctor 
towards the light collcctorn. 

10. A mothod as claimed in Claim 0 characterised in that the concave 
reflector has an ellipsoid interior surface. 

11. A method as claimed in Claim 9 or 10 wherein the central axis 
is the reflection axis of the concave or ellipsoid reflector. 

12. A method as claimed in any one of Claims 8 to II character i !=:nr1 in 
that the detectors are photomu I t i pi ier s . 

13. A method as claimed in any one of Claims 8 to 11 cha r ac t o r i sod in 
that the detectors arc optical fil>ros connected to pho tomii 1 1 i p I er s . 
lA. A particle analyser substanl i a 1 1 y as herein describecJ with 
reference to the accompanying drawings. 

15. A method substantially as heroin described with reference to t fie 
accompanying drawings. 

THR SFCRKTARY OF STATR FOR DKFFNCF 
IN HFK I'>RITANN1C MAJFSTY'S GOVFKNMFNT 
OF THF UNITFI) KfNCIXiM OF CRl-AT hRTTAfiN 
A\'D NORTIIFRN IKFLAND 



By Their Attorneys 
HFNRY HUCMFS LIMITED 
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BKITAMNIC MAJFSTVS GOVFRNMKNT OF TliF. UNIi'KD 
KINCWN OF GRFAT liRITAIN AM) NORTHKRNBy H^^/TTietf AUcmcys. 
IRKLAND HENr>V HJGHES LlMKw^. 



